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The sperm surface protein fertilin functions in sperm–egg interaction. On guinea pig and bovine sperm, fertilin is a
heterodimer of a and b subunits. Both subunits are initially synthesized as precursors and then proteolytically processed by
emoving N-terminal domains. Since the mouse is currently the main mammalian species in which fertilization is studied,
n the present report, we analyzed the structure, processing, and expression of fertilin in mouse. We found that the
rocessing of mouse fertilin b occurs during epididymal maturation and involves changes in the cytoplasmic tail domain
s well as the N-terminal domains. Although we (R. Yuan et al., 1997, J. Cell Biol. 137, 105–112) and others (M. S. Chen et
al., 1999, J. Cell Biol. 144, 549–561) have previously reported that mature fertilin b is 55–57 kDa, here we show that 55 kDa
is an unrelated protein in the sperm extract which cross-reacts with an antibody that recognizes precursor, but not mature,
fertilin b. Comparison of Western blots of wild-type and fertilin b knockout sperm revealed that authentic, mature fertilin
b is 45 kDa. We also obtained direct evidence that mouse fertilin a and b exist as a heterodimer. In addition, we found that
in mice lacking the fertilin b subunit, fertilin a is absent from mature sperm. A widely proposed model for sperm–egg fusion
uggests that fertilin a is the sperm component that promotes membrane fusion by undergoing a conformational change
that exposes a virus-like, hydrophobic fusion peptide. Because sperm lacking fertilin a and fertilin b can fuse with eggs at
50% the wild-type rate, this model is called into question. The results suggest instead that other gamete surface molecules
act to promote membrane fusion and that fertilin’s role in gamete fusion is in sperm–egg plasma membrane
adhesion. © 2000 Academic Press
Key Words: fertilin; cytoplasmic domain; heterodimer; ADAM; MDC; fertilization; sperm–egg binding and fusion.p
m
m
m
dINTRODUCTION
The discovery and functional analysis of the sperm sur-
face protein, fertilin, has provided a recent insight into the
molecular basis of mammalian fertilization (reviewed in
Myles, 1993; Snell and White, 1996; Myles and Primakoff,
1997; Wassarman, 1999; Schlo¨ndorff and Blobel, 1999; Pri-
makoff and Myles, 2000). On guinea pig and bovine sperm,
fertilin was found to be a two-subunit protein, composed of
1 Present address: Laboratory of Reproductive and Developmen-
tal Toxicology, NIEHS/NIH, Research Triangle Park, NC 27709.
2 To whom correspondence should be addressed. E-mail:
gmyles@ucdavis.edu.
0012-1606/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.a and b chains (Primakoff et al., 1987; Blobel et al., 1990;
Phelps et al., 1990; Waters and White, 1997). Both fertilin a
and b are members of the ADAM family (transmembrane
roteins containing a disintegrin and metalloprotease do-
ain). Like other ADAMs, fertilin a and b each have pro-,
etalloprotease, disintegrin, cysteine-rich, EGF-like, trans-
embrane, and cytoplasmic tail domains. In guinea pig,
uring the proteolytic processing of both fertilin a and b
precursors, the pro- and metalloprotease domains are re-
moved and the disintegrin domain is N-terminal in both
subunits on mature sperm (Blobel et al., 1990; Phelps et al.,
1990; Lum and Blobel, 1997; Hunnicutt et al., 1997).
The disintegrin domain of processed fertilin b has been
found to be important for sperm–egg membrane interac-
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290 Cho et al.tion. Several studies have tested peptide analogues of the
fertilin b disintegrin domain active site, recombinant ferti-
in b, and antibodies to fertilin b, and each inhibits sperm–
egg membrane adhesion and fusion (Primakoff et al., 1987;
Myles et al., 1994; Almeida et al., 1995; Evans et al., 1997;
Yuan et al., 1997). In addition, sperm from mice lacking
fertilin b were shown to be deficient in sperm–egg plasma
embrane binding (Cho et al., 1998).
Although the mouse is now the main mammalian species
n which gamete fusion is being studied, several questions
emain to be answered about fertilin structure in mouse.
irst, mouse fertilin b, like guinea pig fertilin b, is synthe-
ized as a large precursor in spermatogenic cells (Yuan et
l., 1997; Cho et al., 1998). However, various studies have
dentified different proteins, with different molecular
eights, as processed mouse fertilin b: 55–57 kDa (Yuan et
al., 1997; Chen et al., 1999) versus 45 kDa (Cho et al., 1998).
Second, it is not known if mouse fertilin, like guinea
pig and bovine fertilin, is a heterodimer. In mice lacking
fertilin b, the level of fertilin a precursor in spermato-
genic cells is reduced, suggesting that the fertilin a
precursor may be degraded when unable to form a het-
erodimer with the fertilin b precursor (Cho et al., 1998).
Yet there is no direct evidence indicating that mouse
fertilin a and b exist as a complexed form. Finally, a
frequently proposed model for the mechanism of gamete
fusion suggests that fertilin a contains a hydrophobic
usion peptide in its cysteine-rich domain on mature
perm (Blobel et al., 1992; Wolfsberg et al., 1995; Muga et
l., 1996; Snell and White, 1996; Bigler et al., 1997;
iidome et al., 1997; Martin et al., 1998; Wolfe et al.,
999). After fertilin binds to an egg receptor, fertilin is
osited to undergo a conformational change so that the
ertilin a fusion peptide is exposed and promotes mem-
brane fusion. Fusion of mouse sperm lacking fertilin b
with the egg plasma membrane occurs at about 50% of
the wild-type rate (Cho et al., 1998). Although the level of
fertilin a precursor is reduced in spermatogenic cells
from mice lacking fertilin b, it is not known how much
ertilin a is present on mature mutant sperm. If fertilin a
is absent from these mutant sperm which can fuse, this
would confirm that the fertilin a fusion peptide is not
essential for sperm– egg membrane fusion.
In the present study, to resolve these issues, we ask the
following questions: (1) What is the developmental timing
and final product of processing of mouse fertilin b? (2) Is
mouse fertilin an a/b heterodimer? (3) Is fertilin a absent on
mature sperm lacking fertilin b?
MATERIALS AND METHODS
Antibodies. Antibodies to fertilin b were produced by immu-
nizing rabbits with peptides corresponding to the disintegrin do-
main active site and the cytoplasmic domain (Yuan et al., 1997).
equences of the peptides, derived from the fertilin b cDNA, areKGEVCRLAQDEADVTEYCNGTSE (disintegrin domain active a
Copyright © 2000 by Academic Press. All rightsite) and FSSEEQFESESESKD (cytoplasmic tail domain, 15
C-terminal residues). To obtain antibodies to fertilin a, two dis-
inct recombinant proteins were produced: (1) A construct com-
osed of only the fertilin a metalloprotease domain fused to
glutathione S-transferase was expressed in Escherichia coli and
affinity-purified with glutathione Sepharose 4B. Antibody to this
construct can recognize only the fertilin a metalloprotease domain
and thus can detect precursor fertilin a but not processed fertilin a
on mature sperm. (2) The entire fertilin a extracellular domain
(from pro- to EGF-like domain), carrying the KT3 epitope tag, was
expressed in Sf-9 insect cells and affinity-purified with a KT3
monoclonal antibody using methods previously described (Lin et
l., 1994). Antibody to this construct (entire extracellular domain)
ay recognize both precursor fertilin a and also processed fertilin
a on mature sperm. Polyclonal antisera were obtained by immu-
izing rabbits with these peptides or proteins. All the antibodies
ere affinity-purified using the corresponding peptides or proteins
nd a ProtOn kit 1 (Chiron Mimotopes Peptide Systems, Raleigh,
C) or AminoLink Immobilization kit (Pierce, Rockford, IL). The
ntibodies were named mb-AS2 (mouse fertilin b disintegrin active
site 2), mb-CT1 (mouse fertilin b cytoplasmic tail 1), ma-MP1
mouse fertilin a metalloprotease 1), and ma-EC1 (mouse fertilin a
extracellular 1).
Preparation of samples. Ten- to twelve-week-old male ICR
mice were purchased from Charles River Laboratories (Wilming-
ton, MA). Male mice lacking fertilin b were produced as described
Cho et al., 1998). Testicular spermatogenic cells and testicular
perm were isolated by separation on a 52% Percoll gradient (Sigma
hemical Co.) and resuspended in PBS (Phelps et al., 1990). Sperm
rom the epididymis and vas deferens were directly released into
BS. The collected cells and sperm were either directly resus-
ended in 13 SDS (3%) sample buffer, followed by boiling for 4
in, or lysed with nondenaturing detergents (1% NP-40, 1.5%
HAPS, 1% Triton X-100, or 30 mM octyl glucoside) for 1 h on ice
n the presence of protease inhibitors (2 mg/ml aprotinin, 100 mg/ml
benzamidine, 1mg/ml bestatin, 20 mM E-64, 2 mM EDTA, 10 mM
leupeptin, 1 mg/ml pepstatin, 1 mM PMSF). The lysates were
entrifuged for 10 min at 12,000g. The supernatants from the
lysate were mixed with 23 SDS sample buffer (6% SDS) and boiled
for 4 min. Samples were either nonreduced or reduced with 5%
b-mercaptoethanol, as indicated in the text and figure legends. For
cell surface biotinylation, sperm (107/ml) were incubated with 1
mg/ml sulfo-NHS-LC-biotin (Pierce) in PBS for 30 min at room
temperature (23°C), washed with PBS containing 20 mM glycine,
and resuspended in 13 SDS sample buffer (3% SDS). To test for
dimerization of fertilin a and b, spermatogenic cells were lysed
with 1% NP-40 and the supernatants of the lysate were mixed with
an equal volume of 0.6% SDS sample buffer. The samples were
incubated at room temperature (23°C) for 5 min and run nonre-
duced on SDS–PAGE.
Immunoblotting. Samples were subjected to 7 or 10% SDS–
PAGE. Testicular cells (5 3 105) or sperm (106) were loaded in each
lane. Following electrophoresis, proteins were transferred to nitro-
cellulose membranes (0.2 mm; Bio-Rad Laboratories, Richmond,
CA). The membranes were blocked with 5% nonfat dry milk and
1% BSA in TBS containing 0.1% Tween 20 (TBS-T) and incubated
with 5–10 mg/ml anti-fertilin antibodies in TBS-T, followed by
ncubation with alkaline phosphatase-conjugated secondary anti-
odies (Promega Biotech, Madison, WI). Alkaline phosphatase
ctivity was detected by NBT/BCIP (Promega Biotech).
s of reproduction in any form reserved.
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291Analysis of Mouse FertilinRESULTS
The Developmental Timing and Nature of
Processing of Mouse Fertilin b
To determine when mouse fertilin b is processed, we
erformed protein immunoblot analysis on cells from dif-
erent stages of spermatogenesis. The antibodies used were
gainst: (1) the disintegrin domain active site peptide (mb-
AS2) and (2) the cytoplasmic tail domain peptide (mb-CT1).
Both mb-AS2 and mb-CT1 antibodies in testicular cells and
esticular sperm recognized a 101-kDa band (Fig. 1A). This
01-kDa protein was absent in sperm from the cauda
pididymis and vas deferens. Instead, the mb-AS2 antibody
detects a 45-kDa band and the mb-CT1 antibody detects a
55-kDa band in mature (cauda and vas) sperm (Fig. 1A).
Despite this differential recognition of processed fertilin b,
this result indicates that fertilin b is made as a precursor,
01 kDa, and processed to a lower molecular weight form
etween the stages of testicular sperm and cauda epididy-
al sperm.
To determine the identity of processed fertilin b, we
ompared blots of the extracts from fertilin b2/2 cells from
FIG. 1. Processing of fertilin b. Cells at different developmental
tages were lysed with 1% NP-40. The supernatants from the lysate
ere boiled in 3% SDS with 5% b-mercaptoethanol, subjected to
SDS–PAGE, and blotted with anti-fertilin b antibodies (mb-AS2
and mb-CT1). Blots of the extracts from WT cells (A) were
ompared to those from fertilin b2/2 cells (B). TC, testicular
spermatogenic) cells; TS, testicular sperm; Cp, caput epididymal
perm; Cd1V, cauda epididymal sperm plus vas deferens sperm.ertilin b knockout mice to those from wild-type (WT) cells
Copyright © 2000 by Academic Press. All rightFig. 1). The precursor form (101 kDa) of fertilin b was not
etected by either mb-AS2 or mb-CT1 antibodies in cells or
sperm from the testis of fertilin b2/2 mice, confirming the
specificity of both antibodies to the precursor form of
fertilin b (Fig. 1B). The 45-kDa protein, recognized by the
mb-AS2 antibody in WT sperm from the cauda epididymis
nd vas deferens, was absent in fertilin b2/2 sperm. In
contrast, the 55-kDa band recognized by the mb-CT1 anti-
ody was still present in fertilin b2/2 sperm (Fig. 1B). This
esult indicates that the 45-kDa protein is the processed
orm of fertilin b.
To investigate further the identity of processed fertilin b
(45 kDa), characteristics of the 45- and 55-kDa proteins
from mature sperm were determined and compared. Cell
surface labeling with biotin resulted in an increase in the
molecular weight of the 45-kDa protein. The molecular
weight of the 55-kDa protein was not changed by biotiny-
lation (Fig. 2A). This suggests that the 45-kDa protein is
apparently located on the sperm surface. Treatment of
FIG. 2. Characteristics of 45- and 55-kDa proteins. Extracts of
sperm from the cauda epididymis and vas deferens were subjected
to SDS–PAGE and blotted with anti-fertilin b antibodies (mb-AS2
nd mb-CT1). (A) Nonbiotinylated (lane 1) and biotinylated (lane 2)
perm were boiled in 3% SDS with 5% b-mercaptoethanol prior to
SDS–PAGE. (B) Sperm were lysed with 1.5% CHAPS. The lysates
were centrifuged to separate soluble and insoluble proteins. Each
fraction was boiled in 3% SDS with 5% b-mercaptoethanol and
subjected to SDS–PAGE. T, total lysate before centrifugation (lane
1); S, supernatant after centrifugation (lane 2); P, pellet after
centrifugation (lane 3). Results from lysis with 1% NP-40, 1%
Triton X-100, or 30 mM octyl glucoside were similar to that from
lysis with 1.5% Chaps. (C) Sperm were boiled in 3% SDS with (lane
1) or without (lane 2) 5% b-mercaptoethanol and run on SDS–
AGE. The 45-kDa band in the sample without b-mercaptoethanol
s exposed to mercaptoethanol diffusing from the adjacent lane on
he left and thus is mostly reduced on the left side of the lane and
ostly nonreduced on the right side of the lane. bME,b-mercaptoethanol.
s of reproduction in any form reserved.
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292 Cho et al.sperm with nonionic detergents (CHAPS, NP-40, Triton
X-100, and octyl glucoside) resulted in 100% solubilization
of the 45-kDa protein and only 10–20% of the 55-kDa
proteins (Fig. 2B). Furthermore, under nonreducing condi-
tions, the molecular weight of the 45-kDa protein, but not
the 55-kDa protein, was decreased (Fig. 2C). These charac-
teristics of the 45-kDa protein, but not the 55-kDa protein,
are similar to those of guinea pig fertilin b (Table 1). It is
oticeable that the mb-AS2 antibody detects a major band
60 kDa) above the 45-kDa protein (Fig. 2, top). We observed
hat this protein is present in fertilin b2/2 sperm (data not
shown), indicating that the protein is not fertilin b. We
previously reported that there is a single gene for fertilin b
and no other gene in mouse closely enough related to
cross-hybridize with fertilin b cDNA probes (Cho et al.,
1997). At the protein level, the 60-kDa protein could
nonetheless be a member of the ADAM family and have
some cross-reaction with the mb-AS2 antibody. (The 60-
Da protein is not observed in Fig. 1 because the protein is
ot solubilized by nondenaturing detergents used to obtain
perm extracts for the blots.) Collectively, these results
uggest that the 45-kDa protein is processed fertilin b and
the antibody to the cytoplasmic tail is unable to recognize
fertilin b after processing. We conclude that fertilin b
undergoes modification or processing in its cytoplasmic
domain in addition to the processing of its N-terminal
domains during epididymal maturation.
The fertilin b cytoplasmic tail domain is 28 amino acids
ong and the mb-CT1 antibody is directed against the
carboxy-terminal 15 amino acids. This region of 15 amino
acids has two potential serine phosphorylation sites, SSEE
and SESE. To determine if phosphorylation of the cytoplas-
mic tail domain of fertilin b is the cause of the inability of
the mb-CT1 antibody to detect mature fertilin b, a lysate
rom cauda epididymal sperm was treated with alkaline
TABLE 1
Summary of Characterization of Fertilin b
Parameter Guinea piga
Antibody Anti-native protein
(PH-30 mAb/pAb)
Anti-disinteg
(mb-AS2)
MW in mature sperm 44 kDa (R)
27 kDa (NR)
45 kDa (R)
35 kDa (NR)
Presence of protein in
b2/2 sperm
NA Absent
Location in mature
sperm
Surface Surface
Solubility from
mature sperm
Soluble Soluble
Note. Solubility was tested using 1.5% CHAPS. MW, molecular
a Primakoff et al., 1987; Blobel et al., 1990; Lum and Blobel, 199
b Yuan et al., 1997 and data in this paper.
c Chen et al., 1999. Surface location of the 57-kDa protein was dhosphatase and subsequently immunoblotted with the
Copyright © 2000 by Academic Press. All rightb-CT1 antibody. The antibody failed to detect processed
ertilin b (45 kDa) in the sperm lysate treated with alkaline
phosphatase, indicating that epitope-masking serine phos-
phorylation in the 15 carboxy-terminal amino acids is not
the cause for a lack of recognition of mature fertilin b by the
mb-CT1 antibody (data not shown).
The Mouse Fertilin a/b Dimer
Guinea pig and bovine fertilins are a and b het-
erodimers (Blobel et al., 1990; Phelps et al., 1990; Waters
and White, 1997). In fertilin b2/2 mice, the level of fertilin
a precursor is reduced, possibly due to its degradation in
the absence of the fertilin b precursor (Cho et al., 1998).
owever, direct evidence that fertilin a and b are com-
lexed in mouse is lacking. In guinea pig and bull, the
ertilin a/b complex is stable in a low concentration of
SDS at room temperature (without boiling) under nonre-
ducing conditions (Blobel et al., 1990; Waters and White,
1997). To test directly for a heterodimer of fertilin a and
b in mouse, we examined mouse fertilin under these
ame conditions (0.3% SDS, no boiling, nonreducing).
he mb-CT1 antibody was used to visualize fertilin b
because the mb-AS2 antibody does not recognize fertilin
b under nonreducing conditions (data not shown) al-
though it weakly detects partially nonreduced fertilin b
(Fig. 2C). As described above, the mb-CT1 antibody is
specific only to the fertilin b precursor (Fig. 1). Therefore,
e tested for a heterodimer of the precursor forms of
ertilin a and b in spermatogenic cells. WT and fertilin
b2/2 cells were examined and compared. Under nonreduc-
ng conditions, the precursor of fertilin b is an 88-kDa
rotein (Fig. 3A). In the presence of low (0.3%) SDS
ithout boiling, the amount of fertilin b is somewhat
lower and additional bands with higher molecular
Mouse
ctive site Anti-cytoplasmic tail
(mb-CT1)b
Anti-cytoplasmic tailc
55 kDa (R)
55 kDa (NR)
57 kDa (R)
57 kDa (NR)
Present ?
? Surface
10–20% soluble Not soluble
ht; R, reduced; NR, nonreduced; NA, not applicable.
unnicutt et al., 1997.
mined by biotinylation followed by immunoprecipitation.rin a
weig
7; Hweights (217 and 185 kDa) were seen. All these bands
s of reproduction in any form reserved.
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293Analysis of Mouse Fertilinwere completely absent in fertilin b2/2 samples, identify-
ing these proteins as containing fertilin b (Fig. 3B). The
nonreduced fertilin a precursor form was seen as two
bands (108 and 83 kDa) recognized by an antibody raised
against fertilin a metalloprotease domain (ma-MP1). We
refer to these two proteins as a and a9 precursors (Fig.
3C). In the sample treated with 0.3% SDS without
boiling, the a and a9 disappeared and instead two bands
ere seen with the same molecular weights as those
ecognized by the anti-fertilin b antibody. These bands
(217 and 185 kDa) were absent in fertilin b2/2 cells,
suggesting that they are heterodimers, a/b and a9/b,
respectively (Fig. 3D). These results collectively indicate
FIG. 3. Dimerization of fertilin a and b. Testicular spermatogenic
cells were lysed with 1% NP-40. After various treatments of
supernatants from the lysates, they were run on SDS–PAGE and
blotted with anti-fertilin antibodies (mb-AS2, mb-CT1, and ma-
MP1). (A) The supernatants from the lysates were boiled in 3% SDS
with (lanes 1 and 2) or without (lane 3) 5% b-mercaptoethanol and
blotted with anti-fertilin b antibodies mb-AS2 (lane 1) or mb-CT1
(lanes 2 and 3). (B) The nonreduced supernatants from the lysates of
WT (lanes 1 and 2) and fertilin b2/2 (lanes 3 and 4) cells were either
boiled in 3% SDS (lanes 1 and 4) or incubated at room temperature
in 0.3% SDS (lanes 2 and 3). The antibody for blotting was mb-CT1.
C) The supernatants from the lysates were boiled in 3% SDS with
lane 1) or without (lane 2) 5% b-mercaptoethanol and blotted with
ma-MP1. (D) Each lane is the same as described in (B) except that
the samples were blotted with ma-MP1.that mouse fertilin is an a/b heterodimer.
Copyright © 2000 by Academic Press. All rightAbsence of Fertilin a in Sperm from Fertilin
b2/2 Mice
In fertilin b2/2 mice, the level of fertilin a precursor in
esticular cells is reduced relative to WT (Figs. 3C and 3D)
Cho et al., 1998). We wished to extend this finding by
xamining the level of the processed form of fertilin a on
ature sperm in fertilin b2/2 mice. To detect the processed
orm (as well as the precursor form) of fertilin a, a new
antibody was generated against the entire fertilin a extra-
ellular domain (ma-EC1) (Materials and Methods). Consis-
ent with the result obtained using the ma-MP1 antibody
Fig. 3D) (Cho et al., 1998), fertilin a was reduced in amount
ut present in fertilin b2/2 spermatogenic cells. However,
rocessed fertilin a was not detectable in fertilin b2/2 sperm
(Fig. 4), suggesting that fertilin a is lost in a stage-dependent
anner during spermatogenesis in the absence of fertilin b.
This result is consistent with the finding that fertilin a and
b exist as a complex and suggests that fertilin a is not
essential for sperm–egg fusion (see Discussion).
DISCUSSION
In guinea pig, fertilin b is present as a large precursor
(;100 kDa) in the testis and is subsequently processed to
mature form (44 kDa), through the removal of N-terminal
domains during sperm maturation in the epididymis (Blobel
et al., 1990; Phelps et al., 1990; Hunnicutt et al., 1997; Lum
and Blobel, 1997). Consistent with this pattern, mouse
fertilin b exists as a large precursor (101 kDa) in the testis
nd as a processed form (45 kDa) on cauda epididymal
perm. In mouse we have made the novel finding that
ertilin b is also processed or modified at its carboxy-
erminal end during epididymal maturation. The mb-CT1
antibody, raised against the 15 carboxy-terminal residues of
FIG. 4. Fertilin a expression in fertilin b2/2 mice. Testicular
spermatogenic cells (lanes 1 and 2) and cauda epididymal sperm
(lanes 3–6) from WT (lanes 1, 3, and 5) or fertilin b2/2 (lanes 2, 4,
nd 6) mice were subjected to immunoblot analysis using the
nti-fertilin a antibody ma-EC1. The testicular cells were lysed
ith 1% NP-40, followed by boiling in 3% SDS without
b-mercaptoethanol. Sperm were directly boiled in 3% SDS with
(lanes 3 and 4) or without (lanes 5 and 6) 5% b-mercaptoethanol.
TC, testicular spermatogenic cells; ES, epididymal sperm.
s of reproduction in any form reserved.
(
m
p
t
m
s
c
u
4
t
d
r
f
T
l
p
n
t
w
1
i
a
f
W
h
c
W
i
p
g
g
g
294 Cho et al.the cytoplasmic tail, immunoblots the fertilin b precursor
101 kDa) but does not blot the mature form (45 kDa). This
odification of the cytoplasmic tail could be through
roteolysis or some other posttranslational modification,
hough it appears not to involve phosphorylation. The
odification of the cytoplasmic tail of mouse fertilin b
could play a role in signaling through fertilin or in fertilin
interaction with the cytoskeleton and restriction to the
equatorial region (Yuan et al., 1997) of the plasma mem-
brane on mature mouse sperm. Further work will be needed
to define the exact function of C-terminal modification.
The 45-kDa mature fertilin b is present on the sperm
urface, well-solubilized with nonionic detergents, and de-
reases in its apparent molecular weight in SDS–PAGE
nder nonreducing conditions. In these characteristics, the
5-kDa mature mouse fertilin b is very similar to the
44-kDa mature guinea pig fertilin b (Table 1). Another
candidate for processed mouse fertilin b has been reported
o be a 57-kDa protein in cauda epididymal sperm that is
etected with a polyclonal antibody to the fertilin b cyto-
plasmic tail (Chen et al., 1999). (The portion of the cyto-
plasmic tail used as immunogen to generate the antibody is
not stated.) Chen and co-workers report that when the
57-kDa protein is bound to beads, the beads will bind to the
integrin a6b1. These results are interpreted to support the
idea that fertilin b and integrin a6b1 are adhesion partners
in the gamete binding step preceding sperm–egg fusion.
However, our results show that mature fertilin b is a
45-kDa protein, not 57 kDa, so that the finding of Chen and
co-workers must have a different interpretation.
The 57-kDa protein is reported to be biotin labeled after
surface biotinylation of sperm but seems to be similar to
the 55-kDa protein in the present study in other parameters
such as epitopes recognized by antibody, molecular weight,
and solubility (Table 1) (Chen et al., 1999). The solubility of
the 55-kDa protein in nonionic detergent was low and the
molecular weight of the protein was not changed between
reducing and nonreducing conditions. The 55-kDa protein
is present in testicular cells and sperm with the same
molecular weight, indicating that the protein does not
undergo fertilin-like processing (Fig. 1), and thus appears
not to be an ADAM. The 55-kDa protein is likely to contain
an epitope similar to the carboxy-terminal 15 amino acids
of fertilin b. Collectively, the 55- and 57-kDa proteins are
significantly different from the 45-kDa protein, processed
fertilin b, in most characteristics (Table 1).
We found that the fertilin b subunit complexes with
fertilin a to form a heterodimer in spermatogenic cells. The
esult that uncomplexed fertilin b is observed under the
condition of 0.3% SDS without boiling is the same as the
finding in guinea pig that fertilin b is present in excess of
ertilin a in spermatogenic cells (Blobel et al., 1990). Pre-
cursor fertilin a exists as two forms in spermatogenic cells.
he protein with higher molecular weight, fertilin a (108
kDa under nonreducing condition), is the major fertilin a
precursor, while the other precursor, fertilin a9 (88 kDa), is
ess abundant. The molecular weight of a (108 kDa) is
Copyright © 2000 by Academic Press. All rightcomparable to that of the guinea pig fertilin a precursor (105
kDa) (Blobel et al., 1990) and is most likely an intact form
of fertilin a. Fertilin a9 (88 kDa) seems to be a partially
rocessed form of the 108-kDa protein, but we currently do
ot know the mechanism of processing or the exact struc-
ure of this protein. Apparently fertilin a and a9 dimerize
ith the precursor of fertilin b, resulting in complexes with
higher molecular weights.
The idea has been suggested that cell–cell fusion shares
important characteristics with viral–cell fusion (Blobel et
al., 1992; Yagami-Hiromasa et al., 1995; Mohler et al.,
998). A widely proposed specific model, based on this idea,
s that sperm bind to the egg plasma membrane via the b
subunit of fertilin. This binding leads to conformational
changes in fertilin b and fertilin a, so that fertilin a exposes
virus-like fusion peptide that promotes gamete membrane
usion (Blobel et al., 1992; Wolfsberg et al., 1995; Snell and
hite, 1996; Bigler et al., 1997). A number of investigators
ave searched for fusion-promoting properties of peptides
orresponding to the putative fusion peptide of fertilin a
(Muga et al., 1996; Niidome et al., 1997; Martin et al., 1998;
olfe et al., 1999).
Previously we observed that binding of fertilin b2/2 sperm
to the egg plasma membrane is dramatically reduced
(;90%), but the rate of fusion of these sperm with the egg
plasma membrane is 50% of the rate of WT sperm fusion
(Cho et al., 1998). Here we found that fertilin a is not
detectable in mature sperm lacking fertilin b. This result
nvalidates the model in which fertilin a is required for
romoting membrane fusion (via a fusion peptide). It sug-
ests that further work will be necessary to identify the
ametes’ fusion machinery and that the role of fertilin in
amete fusion is in sperm–egg plasma membrane adhesion.
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